Introduction of carbon side chain at C 3 -position of indole ring was accomplished by using Pd-catalyzed allylation and vinylation. The selective vinylation at C 3 -position of 4-bromoindole was applied to the synthesis of optically active 4-bromotryptophan derivatives, which was used as a starting material for the synthesis of several optically active ergot alkaloids, which were clavicipitic acids, chanoclavine-I, costacalvine, and 1,1-dimethylallyltryptophan (DMAT). The three-step synthesis of optically active clavicipitic acids were accomplished without using a protecting group starting from 4-bromoindole and dl-serine. Some new synthetic reactions using unprotected amino acids were developed. Those were the biomimetic synthesis of tryptophan, the bromination of free aromatic amino acids, and the Pd-catalyzed Nallylation of free amino acids with allylic alcohol in aqueous media. Unique reactivity of p-allyl palladium complex or h3-(benzyl)palladium complex in aqueous media was found through Pd-catalyzed reaction of anthranilic acid, 2-aminobenzamide, and indole with allylic alcohols or benzyl alcohols, respectively.
a Amino acid (65 mg) was heated in the presence of base in 1 mL of solvent. b Indicated temperature was inner temperature measured in sealed tube. c The yield was calculated by isolation of the recovered amino acid, after converting it to corresponding tert-butoxycarbonyl (Boc) protected amino acid methyl ester, and its enantiomeric excess (ee) was determined by HPLC. d The yield and optical purity were determined after conversion to Z-Leu-OMe. Table 4 . N-Allylation of Various Amino Acids [a] anthranilic acid 1a (1 mmol), Pd catalyst (5 mol％), ligand (10 mol ％), and allyl alcohol 2a (3 eq).
[b] H2O (1 eq) was added.
[c] 2.5 mol％. 
